Evaluation is a process that analyzes elements in order to achieve different objectives such as quality inspection, marketing and other fields in industrial companies. This paper focuses on sensory evaluation where the evaluated items are assessed by a panel of experts according to the knowledge acquired via human senses. In these evaluation processes the information provided by the experts implies uncertainty, vagueness and imprecision. The use of the Fuzzy Linguistic Approach 32 has provided successful results modelling such a type of information. In sensory evaluation it may happen that the panel of experts have more or less degree knowledge of about the evaluated items or indicators. So, it seems suitable that each expert could express their preferences in different linguistic term sets based on their own knowledge. In this paper, we present a sensory evaluation model that manages multigranular linguistic evaluation framework based on a decision analysis scheme. This model will be applied to the sensory evaluation process of Olive Oil.
Introduction
Evaluation is a complex cognitive process that involves different mechanisms in which it is necessary to define the elements to evaluate, fix the evaluation framework, gather the information and obtain an evaluation assessment by means of an evaluation process. The aim of any evaluation process is to obtain information about the worth of an item (product, service, material, etc.), and a complete description of different aspects, indicators, criteria in order to improve it or to compare it with other items with the purpose of identifying the best ones. The information gathered in evaluation processes is usually provided by a group of individuals, so called panel of experts, where each expert expresses his/her opinions about the evaluated items according to his/her own knowledge and perceptions.
Here, we focus on Sensory Evaluation 15, 26, 28, 29 , an evaluation discipline where the information provided by the panel of experts is perceived by the human senses of sight, smell, taste, touch and hearing.
In evaluation processes the assessments provided by the panel of experts are usually expressed by numerical values when the evaluated criteria are quantitative in nature. However, in sensory evaluation the experts' knowledge is based on perceptions that are qualitative in nature and involve uncertainty and vagueness. In such cases, the use of linguistic assessments have provided successful results, in different areas such as "services evaluation and human resources management" 6, 8 , "marketing" 31 , "planning" 13 , "decision-making" 2, 7, 9, 16, 33 , etc. The fuzzy linguistic approach 32 provides a direct way to represent linguistic information by means of linguistic variables.
The feel that the panel of experts has more or less knowledge about the evaluated items is frequent. Therefore, the evaluation results could be improved if the experts were given a greater flexibility in the evaluation framework to express their preferences in different linguistic term sets. This paper proposes an evaluation model based on a decision analysis scheme to deal with sensory evaluation processes defined in a flexible framework composed by multigranular linguistic information.
The use of decision approaches have been successfully applied to solve evaluation problems in the literature 1, 5, 8, 14, 18, 24, 25 . In decision theory before making a decision it is carried out an analysis process that allows people to make decisions more consistently, i.e., it helps experts to deal with difficult decisions. The decision analysis is a suitable approach for evaluation processes because it helps to analyze the alternatives, criteria, indicators of the element/s under study that is the objective of the evaluation processes.
The University of Jaén is located in the southeast of Spain and it is the biggest olive oil producing area in the world. Recently the olive oil companies, in Jaén, have started to compete on international markets and they have realized how important it is to obtain and classify oil according to its quality in order to increase their profits and competitiveness. One way to control and improve the quality of oil is studying its properties by means of a sensory evaluation process. So far, in this process the experts have used precise numerical assessments, in spite of, they are expressing perceptions about the qualitative criteria obtained through their senses.
Therefore, the aim of this paper is to propose an evaluation model with multigranular linguistic frameworks to be applied to a sensory evaluation of olive oil, because the evaluated criteria about olive oil are better adapted to this type of framework.
In order to do that, this paper is structured as follows: Section 2 revises the scheme of the Decision Analysis and introduces a linguistic background revising in short the fuzzy linguistic approach, the 2-tuple fuzzy linguistic representation model, and linguistic hierarchical contexts. Section 3 proposes a Sensory Evaluation Model that it is applied to the evaluation of olive oil in Section 4. Finally Section 5 points out some concluding remarks.
Preliminaries
In this section it is reviewed the scheme of the Decision Analysis used in our proposal of evaluation model, and it is made a short review of linguistic background that introduces necessary concepts to manage linguistic information and understand the proposed evaluation model.
Decision Analysis
The Decision Analysis is a discipline that pertains to Decision Theory, which helps the decision makers to reach a consistent decision in a decision making problem. The evaluation process can be modelled as different types of decision making problem. In this paper we model the evaluation process as a MultiExpert Decision Making (MEDM) problem, where decision makers express their opinions about a set alternatives by means of an utility vector. A classical decision analysis scheme consists of the following phases 10 (see figure 1 ): The decision analysis involves more phases than those needed for an evaluation process. Therefore, the phases related to the evaluation problem that will be used in our proposal are those dashed in a rectangle in Fig. 1. 
Linguistic Background
Here we shall review some necessary concepts about linguistic information to understand our proposal. We review briefly the Fuzzy Linguistic Approach, the 2-tuple Linguistic representation model and the Linguistic Hierarchies.
Fuzzy Linguistic Approach
Many aspects of different activities in the real world cannot be assessed in a quantitative form, but rather in a qualitative one, i.e., with vague or imprecise knowledge. In that case, a better approach may be the use of linguistic assessments instead of numerical values. The fuzzy linguistic approach represents qualitative aspects as linguistic values by means of linguistic variables 32 .
We have to choose the appropriate linguistic descriptors for the term set and their semantics.
In the linguistic approach an important parameter to be determined is the "granularity of uncertainty" that indicates the degree of discrimination given by a term set, so that the more knowledge about the variable, the more granularity that can be utilized to assess it. When different experts have different uncertainty degrees about the items, then several linguistic term sets with a different granularity of uncertainty may be necessary.
One possibility of generating the linguistic term set consists in directly supplying the term set by considering all the terms distributed on a scale on which a total order 30 . For example, a set of seven terms S, could be:
Usually, in these cases, it is required that in the linguistic term set there exist:
exists a min and a max operator.
The semantics of the terms are given by fuzzy numbers defined in the [0,1] interval, which are usually described by membership functions. In this paper, we shall use as semantics of the linguistic terms triangular membership functions. whose representation is achieved by a 3-tuple (a, b, c), where b indicates the point in which the membership value is 1, with a and c indicating the left and right limits of the definition domain of the membership function 4 . An example of uniformly linguistic term set may be:
which is graphically shown in Figure 2 .
We have observed that these fuzzy numbers adapt well to the sensory evaluation, but other fuzzy numbers could be used 21, 22 . 
2-tuple Linguistic Representation Model
The use of linguistic variables always implies processes of Computing with Words (CW). There exist different computational models to accomplish them. Classical CW models are those based on the Extension principle 11 and symbolic one 12 . Both of them produce a loss of information in their computations 11, 12 and hence a lack of precision in the results. Linguistic computational model 19 based on linguistic 2-tuples carries out processes of CW in a precise way when the linguistic term sets are symmetrical and uniformly distributed. The 2-tuple fuzzy linguistic representation model represents the linguistic information by means of a 2-tuple, (s i , α), where s is a linguistic label and α is a numerical value that represents the value of the symbolic translation. 
where round is the usual rounding operation, s i has the closest index label to "β" and "α" is the value of the symbolic translation.
We note that ∆ is bijective and
In this way, the 2-tuples of S × [−.5, .5) will be identified with the numerical values in the interval [0, g]. Remark 1: From definitions 1 and 2, it is obvious that the conversion of a linguistic term into a linguistic 2-tuple consists in adding a value 0 as symbolic translation:
The 2-tuple representation model has associated a computational model presented in detail in [20] .
Linguistic Hierarchies
As we have aforementioned we want to propose an evaluation model that deals with information defined in a multigranular linguistic framework. There exist different proposals to deal with this type of information 17, 21, 23 . In our proposal we shall use the hierarchical linguistic structure 21 to improve the precision of the processes of CW in linguistic multigranular contexts.
Building Linguistic Hierarchies
A linguistic hierarchy is a set of levels, where each level is a linguistic term set with different granularity from the remaining of levels of the hierarchy. Each level belongs to a linguistic hierarchy is denoted as l(t, n(t)), being:
(i) t, indicates the level of the hierarchy, (ii) n(t), the granularity of the linguistic term set of the level t.
We assume levels containing linguistic terms whose membership functions are triangular-shaped, symmetrical and uniformly distributed in [0, 1]. In addition, the linguistic term sets have an odd number of elements. The levels belonging to a linguistic hierarchy are ordered according to their granularity. For any two consecutive levels t and t + 1, n(t +1) > n(t). This provides a linguistic refinement of the previous level.
From the above concepts, we define a linguistic hierarchy, LH, as the union of all levels t: LH =
t l(t, n(t))
Any set of term sets is not a LH. In [21] were defined rules in order to build proper LH.
Given a LH, S n(t) denotes the linguistic term set of LH corresponding to the level t of LH with a granularity of uncertainty of n(t): S n(t) = {s
The building of a linguistic hierarchy satisfies the following rules, which we call linguistic hierarchy basic rules:
(i) To preserve all former modal points of the membership functions of each linguistic term from one level to the following one. (ii) To make smooth transitions between successive levels. The aim is to build a new linguistic term set, S n(t+1) . A new linguistic term will be added between each pair of terms belonging to the term set of the previous level t. To carry out this insertion, we shall reduce the support of the linguistic labels in order to keep place for the new one located in the middle of them.
Generally, we can say that the linguistic term set of level t +1 S n(t+1) is obtained from its predecessor, S n(t) , as:
A graphical example of a linguistic hierarchy is showed in Fig. 3 : 
CW Processes in LH
Such as it was presented in [21] to accomplish CW processes in multigranular linguistic contexts. First, the information must be unified in an unique linguistic domain, so we will conduct these labels into an unique level of the LH, called basic representation level and noted as t BRL which will support the computational processes 21 . The labels provided by the experts, (s
.5), are transformed into linguistic 2-tuples in S n(t BRL ) by means of the transformation functions, T F t t BRL .

T F t t : l(t, n(t)) −→ l(t , n(t ))
The reason to fix the LH basic rules for their building is that those rules guarantee that the CW processes in LH can be carried out without loss of information. To do so, it is necessary the use of the 2-tuple computacional model 20 and the use of a transformation function defined in [21] . Proof 1 21 . The transformation function, T F t t , between linguistic terms in different levels of the linguistic hierarchy, LH, is bijective:
Sensory Evaluation Model dealing with Multigranular Linguistic Information
Our aim is to propose a Sensory Evaluation model dealing with different linguistic scales and based on the linguistic decision analysis 10 , whose mathematical formalism will be the linguistic 2-tuple model in order to obtain accurate and reliable evaluation results in multigranular linguistic evaluation frameworks; so that it can be applied to the olive oil sensory evaluation process. The decision analysis scheme that will use our proposal for the sensory evaluation model consists of the following phases (graphically, Fig. 4 The following subsections present in detail the main phases of the above linguistic sensory evaluation model.
Evaluation Framework
This phase defines the evaluation framework, such that, the problem structure is defined and the linguistic descriptors and semantics that will be used by the experts to express their information about the sensory features of the evaluated objects are chosen.
First of all, it analyzes the features that will be evaluated. The selection of the linguistic term sets utilized to assess those features will depend on the knowledge and experience of each expert of the panel. Therefore, the granularity of the linguistic term sets are chosen according to the experts' knowledge. We propose a multigranular linguistic evaluation framework based on a MEDM problem structure where the experts can express their opinions by means of linguistic labels belonging to the term sets of a LH. Hence the evaluation framework will be as the following one: E = {e 1 , ..., e n }, a panel of experts. X = {x 1 , ..., x m } set of items to be evaluated sensorially.
S n(t) , linguistic term sets in LH.
.., f h } set of sensory features that characterizes each evaluated item x i
Gathering Information
Once the framework has been defined in order to evaluate the different items. The evaluation process must obtain the knowledge from the panel of experts.
Due to the fact that, the framework fixed above is based on the MEDM 21 problem structure where the experts will provide their knowledge on utility vectors that contain a linguistic assessment for each evaluated feature. Each expert, e i provides his/her preferences in S n(t) i by means of an utility vector:
is the assessment provided to the feature f k of the item x j by the expert e i . Consequently, in the gathering process every e i will provide his/her utility vector U i expressed by linguistic labels in a linguistic term set in the LH.
Rating Objects
The aim of the sensory evaluation process is to obtain information about the worth of an evaluated item, so this phase of the evaluation model computes a global value for each item according to the information gathered in the previous phase.
To compute such a global value, first the information gathered is expressed by means of linguistic 2-tuples using the Remark 1.
Given that we cannot compute directly with the multigranular linguistic information provided by the panel of experts, it must be conducted into one expression domain, S n(t BRL ) by means of the transformation functions, T F t t BRL . Once the information has been conducted, our model will apply a two-step aggregation process to compute a global evaluation for the evaluated item:
(i) Computing collective evaluations for each feature: first, the rating process will compute a collective linguistic 2-tuple, (u jk , α), for each feature, f k , of the object x j , using an aggregation operator, AGOP 1 , on the assessments, u i jk , provided by all the experts, e i , and represented in t BRL :
(ii) Computing a collective evaluation for each object: the final aim of the rating process is to obtain a global evaluation, (u j , α), for each evaluated object, x j according to all the experts and features that take part in the sensory evaluation process. To do so, this process will aggregate the collective linguistic 2-tuples for each feature, (u jk , α), using an aggregation operator, AGOP 2 :
The aggregation operators, AGOP 1 and AGOP 2 , could be the same or different ones depending on each sensory evaluation problem.
The aggregation results will be expressed in S n(t BRL ) , in our model it is not necessary to express them in the initial expression domain, S n(t) . If the experts required it, in such a model it shall be applied the transformation function T F t BRL t to the results, (u j , α) obtained by AGOP 2 in order to return the results to each user in his/her initial expression domain.
Olive Oil Sensory Evaluation
The virgin olive oil is distinguished for the rest of vegetal oils, because of its special organoleptical properties of color, scent and flavor. The evaluation of their organoleptical properties of scent and flavor are determined by means of the application of the sensorial analysis. The sensorial evaluation is used as a measure of quality of the oil and identifies its different categories (extra virgin, virgin, ordinary virgin or lampante) * .
Currently, the classification of olive oil samples is made according to the intensity of the defects and positive attributes (see Table 1 ) given by a group of experts selected and trained as a panel. The experts fill in the profile sheet showed in Fig. 5 , with quantitative values according to the intensity of their perceptions about each of the negative and positive attributes. According to the intensity of the defects and positive attributes of the Olive oil, this shall be classified:
• The extra virgin grade when the median of the defects is equal to 0 and the median of the fruity attribute is more than 0.
• The virgin grade when the median of the defects is more than 0 and less than or equal to 2.5 and the median of the fruity attribute is more than 0.
• The ordinary virgin grade when the median of the defects is more than 2.5 and less than or equal to 6.0 or when the median of the defects is less than or equal to 2.5 and the median of the fruity attribute is equal to 0. • The lampante virgin grade when the median of the defects is more than 6.0.
Our aim is to define a proper qualitative framework for the olive oil sensory evaluation. Due to the fact that, the experts of panel can have more or less knowledge degree depending on the evaluated properties, we shall propose a multigranular linguistic framework for this evaluation and apply the model proposed in section 3 to classify olive oil samples in such an evaluation framework. To do so, we present the specific evaluation phases for our proposal.
Evaluation Framework
First, we have to define the framework based on multigranular information to evaluate olive oil samples. After a survey with different connoisseurs, the scales chosen to assess in a qualitative way the intensity of attributes os Table 1 showed in Fig. 6 and 7 that are part of the LH, l (3, 9) , showed in Fig. 3 . 
Gathering Information
In our qualitative framework the Tasting Panel provides their knowledge about the attributes of Table 1 using the profile sheet in Fig.8 . The preferences provided by the experts are showed in In order to accomplish CW processes the experts' preferences will be transformed into 2-tuple representation model to manage easily this information, the results of this transformation is showed in Table 3 .
The experts' preferences are transformed into linguistic 2-tuples in l (3, 9) by means of the transformation function, T F 2 3 , the results of this transformation is showed in Table 4 .
Rating Objects
The classification of olive oil samples is carried out according to the intensity of the defects and the fruity attributes. To do so, the proposed model computes a collective evaluation of the evaluated features; in our case, these are the negative features and the fruity feature.
In the quantitative model this collective value is computed using the median operator, so in our proposal we shall extend the median operator to deal with linguistic 2-tuples that is defined as follows: The sensory evaluation is a process in which the information provided by the panel of experts involves uncertainty because it is acquired via human senses. Usually, this information is vague and uncertain, so a qualitative modelling is quite suitable. Additionally, the panel of experts can have more or less knowledge degree depending on the evaluated items.
In this paper, we have presented a sensory evaluation model that offers a multigranular linguistic evaluation framework to the experts in order to offer a greater flexibility to express their knowledge and obtain better results in the evaluation process. And it has been applied to a simple example of olive oil sensory evaluation model in order to show its utility.
